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Abstract Thin multilayer films of alternating ultrathin Ni
and Ag layers (L(Ni) = 11,15,30 Å, bulk and L(Ag) =
50 Å) have been prepared by evaporation in ultrahigh vac-
uum under controlled conditions and have been studied by
the magnetic measurements. The critical temperature TC is
studied as a function of the surface exchange interaction
(JS). The dependence of TC on the thickness L of the film
has been investigated. A critical value of the surface ex-
change interaction in the film, above which the surface mag-
netism appears, is obtained. The shift of the critical tempera-
ture TC(L) from the bulk value [TC(∞)TC(L) −1] can be described
by a power law L−λ , where λ = 1
νb
is the inverse of the cor-
relation length’s exponent. The effective critical exponent
associated with the magnetization M(β) is deduced for dif-
ferent thicknesses of Ni layers, and the thickness L(Ag) was
being kept constant at 50 Å.
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1 Introduction
The magnetic properties of magnetic thin film and multi-
layer systems have been the subject of intense research in re-
cent years [1–13]. With the advance of modern vacuum sci-
ences and in particular molecular beam epitaxy technology,
it is now possible to grow magnetic films with few atomic
layers or even monolayer atop nonmagnetic substrates in a
very controlled way [14–17]. The size in the lateral direc-
tions is of infinite extent in thin layers, but restricted by the
layer thickness in the third direction. Since the correlation
length in the third direction is terminated by the layer thick-
ness, thin layers are ideal media for the studies of finite-size
effects on the critical behavior. The critical reduced temper-
ature of the system, τC, is studied as a function of thick-
ness of the film and the exchange interactions in the bulk,
and within the surfaces Jb, JS and Jb, respectively [18].
A critical value of surface exchange interaction above which
surface magnetism appears is obtained. The dependence of
the reduced critical temperature on the film thickness L has
been investigated [18]. The magnetic properties of multi-
layer are strongly dependent on its detailed structure and
composition, and are determined by the growth conditions
used during fabrication [19–21]. For example, a degree of
mixing between adjacent layers determines the amount of
Ni needed to contribute to the magnetic properties of the
film, and the degree of crystallographic texture within the
layers, combined with any surface anisotropy present, de-
termines the overall anisotropy of the multilayer. Since Ni
is ferromagnetic, a study of the magnetic properties of this
system can also bring additional information on the state of
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Fig. 1 The temperature dependence of the normalized magnetization
of Ni/Ag multilayer with varying thickness of Ni layer
the interface. Therefore, we have undertaken such a study
and describe our results here. In this work, the thermal vari-
ation of the magnetization as a function of Ni layer thick-
ness is given for different thicknesses of Ni layers and in
the range temperature (0 ≤ T ≤ 1200 K ). The critical tem-
perature and the surface exchange interaction (JS) are given
for the different thicknesses. The effective critical exponent
associated with the correlation length and with the magne-
tization are obtained for different thicknesses of Ni layers,
and the thickness L(Ag) was being kept constant at 50 Å.
2 Experimental
Ni/Ag multilayered films were synthesized by sequential
evaporation of Ni and Ag in an ultrahigh vacuum using
several electron guns. The pressure during evaporation was
of the 5 × 10−9 Torr order. The rate of evaporation and
the thickness were controlled by quartz oscillators. Water
cooled glass and Si substrates were used. In all the cases
the first layer was Ag. The total number of layers (N ) was
adjusted to get a total Ni layer thickness of about 1000 Å.
The Ag layer thickness L(Ag) was being kept constant at
50 Å and L(Ni) varied between 10 and 100 Å. Low-angle
x-ray diffraction of all the samples revealed peaks typical
Fig. 2 The critical temperature versus surface exchange interaction
( Js
kB
(K), kB is the Boltzmann’s constant) for the Ag layer thickness
L(Ag) being kept constant at 50 Å and L(Ni) varied between 10 and
100 Å
of the modulated structure, and the x-ray diffraction in the
high angle range 35◦ < 2θ < 50◦ showed the existence of
fcc Ni(111) peak. Magnetization M was measured using a
vibrating sample magnetometer under magnetic fields of up
to 1 T.
3 Results
3.1 Critical Temperatures and Shift Exponents
The temperature magnetization was studied in detail for a
few samples. Plots of the magnetization versus temperature,
for different thicknesses of Ni layers, were made for the
Ni/Ag multilayer and the critical temperature was obtained
by extrapolation of the given curves for different thicknesses
of Ni layers (Fig. 1).
The variation of the critical temperature and the surface
exchange interaction are plotted in Figs. 2 and 3, respec-
tively, with the different thicknesses of Ni layers, made for
the Ni/Ag multilayer (see Fig. 4). The Ag layer thickness
L(Ag) was being kept constant at 50 Å and L(Ni) varied
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Fig. 3 The critical temperature as a function of layer number L for
the Ag layer thickness L(Ag) being kept constant at 50 Å and L(Ni)
varied between 10 and bulk Å
Fig. 4 Two-dimensional cross section of unit cell of infinite superlat-
tice composed of two materials, Ni and Ag
between 10 and bulk Å. On the other hand, according to
the universality hypothesis, critical phenomena can be de-
scribed by quantities that do not depend on the microscopic
details of the system, but only on global properties, such as
the dimensionality and the symmetry of the order parameter.
According to the finite-size scaling theory, it has been
shown that the approach of TC(L) to TC(∞) can also be de-
scribed by a simple power law [22] characterized by a shift
exponent λ defined by:
TC(∞)
TC(L)
− 1 ∝ L−λ. (1)
The shift exponent λ is given by λ = 1
νb
where νb is the
correlation length’s effective critical exponent. The obtained
value of νb is obtained as (νb = 0.68 ± 0.03). This value is
between the values given by [23–25], which are
νb = 0.66 ± 0.03 and 0.707, (2)
respectively. This result substantiates the general universal-
ity principle [26].
3.2 Effective Critical Exponents
From the result given in Sect. 3.1, we have determined the
variation of the log(M/Ms) versus log(1 − T/TC) for de-
ducing the effective critical exponent β given by M/Ms =
(1 − T/TC)−β , for different thicknesses of Ni layers while
the thickness Li(Ag) was being kept constant at 50 Å, where
TC and Ms are the critical temperature and the saturation
magnetization (see Fig. 1). The central value obtained is
β = 0.304 ± 0.05 (see Fig. 5).
4 Discussion and Conclusions
In summary, the thermal variation of magnetization in mul-
tilayer films was calculated and we have deduced the critical
temperature and the surface exchange interaction for differ-
ent thicknesses. The critical temperature decreases with the
surface exchange interaction (see Fig. 2) and increases with
the number of layers L(Ni) (see Fig. 3). According to the
universality hypothesis, critical phenomena can be described
by quantities that do not depend on the microscopic details
of the system, but only on global properties, such as the di-
mensionality and the symmetry of the order parameter. The
effective critical exponent νb associated with the magnetic
value TC(∞)
TC(L)
− 1 ∝ L−λ, for different thicknesses of Ni lay-
ers and Ag layer of thickness Li(Ag) being kept constant at
50 Å, is calculated. The effective critical exponent β associ-
ated with the magnetization, for different thicknesses of Ni
layers while the thickness L(Ag) was being kept constant at
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Fig. 5 Determination of the effective critical exponents β for the Ag
layer of thickness L(Ag) being kept constant at 50 Å and L(Ni) = 10
and 15 Å
50 Å, is deduced, where TC and Ms are the critical temper-
ature and the saturation magnetization (see Fig. 1). The ob-
tained results are comparable with those obtained by others
models and experimental results. The central value obtained
is β = 0.304 ± 0.05. This value is nearest to the Heisenberg
model [27, and references therein].
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